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1 

Iffi&mil «Rt:* bo^-f ^/w*-** 20& 

±t»fflLT-fe^>h*j5EU H&E*-fe^>b©? 

Vhfflx-r^^^/^p^aft^atSB-, UBS* 
> bffl?>r V*fr/7*r*#£9&8t<Dtiiti&<&a i 

aiEBttttlft^tf 1 L S BfilWT ft 5 x ME-fe^* > b 10 

©Hr^> Koa±ffitfy b*>£> lo±ffi©tT* b£^ 
tr-tr^/ > b fcSIJSftfcHuB-fe^ > bffl^-f 

W»U ^*!K:J:oTflaE»E{6iJ»*fiS*«W->-5C: 
[0 0 0 1] 

-f^^VTtD^M (wt, rD/A*a«st^ 30 
5t»JW"*"5©t*«r&D/A*gagA^©D/AgE 
[0 0 0 2] 

[ft#©&85] tfcfcSH?^ > h^SC©D/A«ftg6 
H6»VH7ftfflV^TKWrS. ^ 7 fcM£3fccr>D/A£ 
jB07Dy>a , Cfe5. A^iS^l^tK 8tr*bb 

tT^bTfe*). K#fcffifl*!)*LTb7#fi±ffit:»yb 
T'feSo 8ey bbO-b?©^^*;^— ££T& 40 
tT^hbO — b4 h±{£fcTy bb 5~b 7©2^>(Z>-t?^ 

[0 0 0 3] ±ffifcTy bb5^b7«±±ffiD/AX»lal 
B2tcfcj££ft§ 0 Ttt^y bb0^b4ttTfflD/A 
SSU§B3fc:£i£;*fi*o D/AaE8«i852, 

SERi:LT«ft»B\ XtttSfitzTj v^b^-^lcjtf 
%° 50 
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[0 004] ±(ttD/AjEIW3B 2 i±S®EW©^mff 
Vr ef HCftttSlitl**. MD/A^»2l: 
TffiD/A*«HII»3*s»tt$nT^«, T&D/A& 
&S1B3 (i(£SfffiJC0^mEV ref LfciftKS jxTV* 
So TffiD/A«*glH3CaiSRAtf3e5iJlcBHaSft 

t^s. attRAcoiiiwttfta-rft, 

[0 00 5]±fe TttD/A«8kH«S2, 3tt£HE 
VrefH, VpefLCiot«*#«ISSn, 

&D/A£&@B2fci:±fet:>v bb 5~b7-eS£*i3 

s 4 T-^m^nTm^ i £&£o 
[0006] ««itt#wM»2 0fc:is&*ta. «^S2 

0tt«StIt«EVK:SfflH-«. 8#3§2 OttRftJgfl 
§§2 1 fcJl»fflftRB*»&dE!K ««Ifc«iftRB©j8l 
©tEVftBAt*. D/A&&H1B2, 3ttI^CH 

*SC©D/A««SH:«*fl;-r*tSfc:, Jfl«lHlBrtSB 
[0 0 0 7] TfflD/AKakH»3^UJA-rft««tI L 

k±ffiD/A*«ygtt2*saijb-rft.«*i H*6«ufc 

fct£±Mi©8 try bb 0-b7©T^^Jl/r- 
S^-f S£-5£> fi^RAC£oTT{£D/A£&[nlg& 
3fcH«to-ra«EftSB5LT^5. atftRA«±«atI L 
©7;v*^— l LSBSJn*fct>©*^ maftiH© 
7;vx>r-;i/&2©3^ (fip-fe, 8) THofcfc©*:— 

[0 0 0 8];r;:T\ 1 LSBfc^ -5 ©tt> 

**EllS3Tftt. Tffitf-y bb0-b4tf 5 tT^y bT-* 
£©T% 1 L S BliiS I L©7;M^r-;^ 2 © 5 f 
(BP*. 3 2) Tfflofc*©t:fe5 D ±&D/A£&[U 
B2T-&. ittKy bb 5~b7#3 If* b*?K Tffi 
bb0~b4#5t:y h&ZZt 1 
LSBtt««IH©7>l/;*<r-;i/*2©8SI (fi|J*> 2 
5 6) T-MofcfcCDICfcS. Sfc, ^<DmS^S»ii2 
0-C«BEVC*|fcLfe»6*, HltlLSBk^C 

[00 0 9]-S, ±fflD/A*»lllB2#tBA-rs« 
SSIH(D7;V^^r-;i/&2(D3* 8)T'S!|orc: 
*»©tt. D/A*ttlHlB2i»saiA^-5fiaiH07^ 
^r-;^e»±ffit: ; y bb 5-b 7©4 J T-^T{5©bT^ b 
b 53&*l*fbLfei:S©D/Ajafcg3ffl*OKfbt:« 

[0 0 10] d©D/AX«S©fflAO^ttHfeB6fc: 
^"To XIjtJ (2M&T\ 0 0 00 



( 3 ) 
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0 0 0 0) <Dk§, ±ttD/Aa3JU§H»2, TffiD/A 

*«uaB3tt»t:, wtttajm-r* ««iit«nft 

0#e> l-r-?Jt^-rk, 3 mTT? fefttt* TfttTy b 
b 0 - b 4 # jtft UTTtt D / Ag&glHI 3tioTl 
»lL#JBJnr5. ±ffie* bb5-b7C»bttfc 
<. mmifiIL^:^5o TffiD/AgaiHB3©iBtt 

ktttts lefts. 

[0 0 11] f^^^^r^^Slcoi:^ TftD/ 10 
A«*iB3tA*SnSTtttv bbO~b4#±T 

1 (2«»t. llllDttO, ±tteyhb5- 
b7li^ror-fe^. ~ft£ l**n;c£k, 2 2fttfflt 

fI©ft#±#S©T% TffiD/A£&ll*&3KA£$ft 
STffitTf bb0~b4**£T0 (2£8nS 0 0 0 0 
0) £fc£o fbt. ±ffiD/A'«MMaB2fc:A**ix 
£±{£lfy bb5~b7&gfit:y bb5£lt#l (2 
JEttT. 0 0 1) 

[0 0 12] WfcfcEVttTffitfyhbO- 

b4#s(Eu ±ttbry hb5^b7t±iDjiaFns. a 20 

aatRA#tt&oivr*i>* ffi^iEv^a^ 
5 2£>&>) j ?>-rv^ jsc?^ y^A/^-^sjg^-r^ 

Ttt^y bbO-b4#£TR&U 
5 3, 5 4KfcS J ?>1-^o ^©Tflttfy bb0-b4# 
±Tfi«r£*:-^ ^^Vb^S&x.tfY >bk 
-5 

[0 0 13] 

>b©D/A£&HS&2, 3©i«atttffilffj£i:UT 

*k »SN £©fiJfcRAfftf&OVVtlvt\ &-fe^> 30 

«^mmsRHtf 1 LSBWTTf*ojttbr 

*k *y*>h©«9**.3iW >^1LSB^M^ 
4 > b 5 3©id tiE*iat:*g <iB*«EV***ft1- 

to 40 

[0014] *<Dtz&, mmm^mm^^tt^mm 
fc:it*^> h*5C©D/AaaksttttffltHK-c*t> 

Bjan-e**s«KftD/A*!ftsfiffl^T^&^ c 

fc. 

[0 0 1 5] WSWtt. C©<t5*HUHfel»»-r5*© 
T\ -b^>h*SC0)D/A*l!lS*ffl^T3XhfeT 

if. Lfr^iwwotta^av^D/A^fjigatf^iifeffl 
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[00 16] 

^-^&2oi^±t:^giJUT-fe^/>b^^L, Buffi* 
•fey* > b©^ yy^-yft-T^ ^#;i//T^-ny 

^D^«*Stt, fl&IE&tt&KlSfi' 1 L S BfilrtT? 

<D7)\sX>r-)V&, *©Hry*>b©«±ffitry b^e> 
1 o±(£© tr ar b ft^tr -b -/^ > b fcRIt £ ftfc i?5I2-fe 

y* > bw^-f ^^^/z^-D^sEai^ao^^y— 

2 1 (fc£U ntt*y*>b<Dbfy MR) fid 

[0 0 17] Z<D£o1&m!&Ki£&t.s WaBLVy b©^ 
-< V # )\s=r- $ tt 2 oM±©-fe y * > b £#§!l £ ft £ o 

a-ty* > bc^eftt^ ^^;i//r^-D^ift^ 

#-tr^>bffi^^^^;i//T^-D^ 

[0 0 18] &H?y*>b©^>f ^*;u/T^ny£& 
^$>©7;u;<>r-;i>ii. -by*> brt©*±tr* b£ 0 
l o±ffi©t:* b S^tr-fe^ > bCRfr fetifc-fe^ 

2 1 (££u ntt-by/>b©tr^ b») -csio&tt' 
[0019] ^sfcR^aftakSfcife* 

iE*|Sit«Sttl LSB«rtT?*S©"tf. $>3SiP 
Efc£ft£^©-£, -b^>bffix^^^;i//r^-n^ 

[002 0] *aS«H0)Ml2fiD«J«Ttt, ±K*1 

[0 0 2 1] c©idft#J«tJ:Sk, ^^^/T 

S»S«>ttJ*^*HM9^ k PIfl t ft S . 
[0 0 2 2]f-f ^*^/T^-DygElfc»0*^e» 

ttSHttlEAfilC 1 LSB^rtTfcSCDT-. K^bfctB 
*«3&»&^^* 1 LSBJArt©Jg«T-»J»-r-5^i:*s 
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[0 0 2 3] *»«©*3(0«|rtT?tt. ±B*1 

IB«EfHfllA£SftSmi bT v> s o 

[0 0 2 4] Z<D£5tjLmf&£.£Z>t, r /T 

A < ft a k«fi-r ft*. 

[00 2 5] C<D^fiS«afcS^&»tttoffiit«t^ 
B"Cit«Sft4. * Lft£MIHR2:S9JRttftA s «fto 

SftfcHfflfcftS. 

[0 0 2 6] 20 

<m i Q>mttj&»>*mi<D9i i o^m^ssh i 

H2ftfflt^KflB-r5, Hltt*«WOD/A*ftgO 

»«i:Haft«tjaEi:ftoT^5CD^ ±mm<ov/A 

U KBB*«*-T3. iS* ±{£D/A£&[lB2fct±(£ 
3tT^bb5-b7s TffiD/A*»0B3ttTffi5t: 
* hb0~b4£D/A£&bT^S#. D/AStftEl 
B2* 3#D/A«8t-rSK^h*ttSE*T*J:0. 30 
[0 0 2 7] *^>ht±£WMBL/t\ 3rH;Lt8M* 

*T-fetU£<U^ ±tW/Aa£iW3B2fcTttD/Aas 

»giB3tt^ei«iKd^flffinttiRS# lLSBWrt 

T-ftS. 

[0028] tt*«rett, ±5sufc<ta{c, ffijSRA{± 

TffiD/A«UlilB3*Hl*-ra««I L©7;^!r- 
LSBSftlAfc*©36*^ ±fflD/A*UligB2CD 
fiTffitfy hb 5#l»fcL*:i:S©««©Xfbfc--& 40 

Stfcl3B2©:7;u;Xfr-;i,ft 2©±ffifcT* hb5-b7 
©KyHHt (W* % 2<D33IT'8) T«ofe«SU:i: 
ftoTV^So 

[0 0 2 9] *SafiJB!l©D/A*t!IS©D/A*i!l® 
±ffiD/AaE«BB2fcTttD/Aje*H»3ttft 

««tiB*-&-r. m^iiimnftc^o bp*, 

flE&O fcftSo ^-f S^l^-^fcO/P&IHJSLT* 1 50 
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4 LTTttD/ A**E1B 3CJ:^Tt^S?*;1/ 
-b7tt£fb#ft<, «»IHttS8ft-J\ §ffiIliIL 

left a. TttD/A*DagB3©atttt#A*SFT?»a 

fcx y-/^^-^i:a*««l©B»ttiaiiB91 l 

£ftSo 

[0 0 3 0] ^^>b©«J»)&;L;lW>h 1 2T\ T 
ffi D / a £&[§JB 3 © 7 >r-;v#±{a D / A £ft[n] 
B2cr)7;u^^-;U*2©3S 8) T?giJofc«[ 

fil±tftoT^S. ffl*«»Itt**<ft* 

eirtfc&oT^s. -fe^>b©tso&iJU3K>r 

> h 1 3s 1 4T-*k D/A*SIS©1H*«IVH:/J^ 
<ft**\ *S<6otfett^K *©H1*2I 

fct 1 LSBftjB*5Cfcttft^. 
[0 0 3 1] C©J:?ie. #*W©D/A*8Wtt«# 

^fi«iam^^i:©^TfeiE*iRitc«ii LSBtirtt 

ftoTV^o iEAiafcafc&^iBISMSK^tfl LSBftft 
teftoT^S©T% ffl#«EVIiS!l«i©fc«>©£SMME 

1 LSBttrt©(6Ht-«!lflIl"t!S&J:3t:ftS. 
[0 0 3 2] a^fRltC^bTtti8»fRl#a^fplJCfg 
UTtt*#ft»il*«FoTlr^Tt»«toft^flDTf, &Sg 

!K 3SlfiR©IW»fcfT?#IMPft^ S«fcD/AK 
&3ghftSo JMMb1-*»^ *«[HlBf*l£«#2a2 0 

So 

[ 0 0 3 3 ] <» 2 ©|gS^&>*&0J3©gS 2 

ffifcH3ftflV*T8MI1-*. H3tt##BS80D/AjEft 

«2 2S^bfca»M»*H<0-aOBB»©^D^^ 

a£-^*SCfcte<i;oT. D/A£{fc82 2#£B;*j-rs 

tt«»*lDBttR2S#if©fiM»Tf *iE*|qlfc 1LSBW 

[0 0 34] D/A^-^Jg^H 1 0 tfttMrT *y4 5> 
^l/^-^fcD/A^ttH^ 2#D/A£&bTSEV 
^ffi±r1-So C©mEV£A/D£&g8T-3r>f 
©5fc**LTltil«9fcA*-*-a. ifc. SipmfiEV 
afeA/D*«»6TA/D*iftbTtt«S9tA*-r 

So 

[0 0 3 5] it«H9«:S*mjEVai:mEV^it^b 

HD7fft5*flBfbTtfiA-rSo mEEV^S^mflEVa 
J:!)'h$v^i:ltKS9tf*iJBf'r*ilf % D/A^-^igS 

mjEVa<t^^§(tntf, D/A^-^jgagi oam 
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[0 0 3 6] mMX, D/A^-^tiSgl OCDfiJ^ 

£k:T£a Z(Dt%, D/A^mmi l©tB^SJEV(i 
0 T-fc£©T*it®g 9 &mm&V a#*&V\fc«KT 
So ;:tt£<fct>, D/A^-*t§S£gl Ofcfc^i?*;!/ 
^-^loig^U lWo D/A£&g2 2&m 

VactDfilttiK, !WS89ttVJ:?)Va#*Slr>kfl 10 

[0 0 3 7] *U c©ki^ ffia«EVkJ£ip*EV 

atf-gtftUf. m£EVI±VaT-SSkfc*o feU- 
8c*1\ HJ*«EV#»pmEVaJ:0*S<«ihtt, 
&fll^-* 1 6©iE«TD/A^-*Jt»Sl Ott^ 

OJBttd^V^. *fc, D/A^-^tgWtgl 0©g8ft 20 

[0 0 3 8] Z<D±oC SSttiB©D/AaaftSt«V> 
Jfe<t^ IS»«EVafc:iSf»«coftl»Wfto*i*. -b 

^>h«!)»^>H2'vl4 (H2#JH) T 

■riLSBttficD»2icD«BB"e»j»'rs©T\ ±<hh 

[0 0 3 9] A/D£&SS6 N 8T-A/D&&£ 

mtE, A/D*«»6-CA/D«»**Lfc«|«EEV 

a£Mfg^£*£< bfe^-^K^rSk, /hSfcX 
*»EVatfD/ASC»82 2 ©fflABEV 
dktf-C&a-fc-Sfc&S. #Jffll©Sipfc:fci:mEV 

*)©T'fe^T*>J;W 

[0040] <m3wmmm>*ftw<Dm3cDmMB 

BtBKfcSI". ^©*3©*IBBffl*D/Aa£ftS2 
2*ffifflbfcaillB»*BT*S. US. BKfcittvtlH 40 

D/A*jftS2 2©ai*«EVtltttl 4CA 
M5o It«81 4fcfcgijS®ES5©aEVak«EV 

[0 0 4 1] «EVa#VJ:!)ti**»htflt«»l 4 

©HMltt/vf l/'WCSt'K A^^lSOf-fy^l/ 
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1 5 ©5^ ^*;i/^-*©ft;bl;J:— 
[0 0 4 2] tin?, D/A£&g§2 2©ffi^-r^SE 
Vtt-SkfcD* 2C»UT-*©«£EV*s*jt 

fflU 1 stt^^*;^— *©«mj 

fV-tr-y 1 5©5^ v*;i/^-*£0 

S2 2©a*««EVtf'J>U-r^*<3Si!)ft« l 6, & 
i£SEVa£»]2P£ii5o 
[0 0 4 3] CCT*fflt^ftT^£D/A'X&3§2 2 
febH7fc^-ra*©D/A*»S"C*ofc«^, 
ftlfcH-fe^ V h©#J D&X.* > h 5 3©ffii5T©£ti 
AWEV#«*«BEVa*9, HW,©tor*fc/h$ < ft 

+*fc, a^mEv^iE^IpI^c^^<t^f>ov^Tv^i > © 

T\ Hi*«EV3&$3»«EVa^6*S<(ltL-CHSb 
Tb£5o £ftT?tt»J»©ttft#iE^. 
[0 0 4 4] b*PU ##W©D/AS»8 2 2*fl§V> 
B2fc^*«fc3fcHz^>b©WD**. 
rfW>M 2-1 4T&JE#ft^©if *>o£#l LSB 
*y/>b©«JD»i5tW >h 1 2-1 4 
^*S<fi#iactf&oi\TV»fck*"3. *©BmiT-fti 
A«EV#»p»EEVa,fc!K '^©fciT^tC'hi* < , 
5 s -f S^l^-^lrrtgftlbT** **/mEVttgip 
«JEVa<fc!)*ffiV>**-ei&5. &©-tr£Ot > b©$J D 
«fci*-f >h*T-ttiSIMt#fi»Tf*S©T?. S^mE 

vaCKiMa^atoBEvawsjers. 

[0 0 4 5] C©<t3JC^«*D/A^«^*fieffib^ 
<Ttu ^M©fH»*Btta»KT?fBW-rsci4:tfT 
&^xhT~$>Z> 0 4&ltB&B©fflttSBtiU «*« 
yx>hvi^7>r;u^^© N «E*0»7>f;i/*©*EEB» 
m&M&tLT&m'ZZZo BE4MB8 (B5v& 
■T) ft»B\ «EVfc#8gbTA>&JtttSl 4tCA^7l- 

^ct^c-r^h; a*«Kva**^*v^^, hev£ 

fflffln?&5«fc5C*S. *fc* *P«EVa&«E4MH 

EV#^PT*5£<fc?£&5o 
[0 046] <^4 ©»S>**^©$ 4 ©^J£^ 
!8ftH5ftffl^TKffl-r5. ti3V^T^ 3 kH— © 
a^fcl±H-©fiF^*ftb. SEfllP 

^iss (vco) i 9(±mET-ii^as©iai7 t &5^ 

[0 0 4 7]-T5k. *^>^18{iT^y^;i/r»^ 
©ft'JMI&W*rU D/AS81S2 2tt«/h©«EEV* 

tv^ 0 #ffiH«»Fout&ffiffl:iw*l/-* 1 7 ft: 
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[0 0 4 8] ffiffl3>;^-* 1 7«giP$g{g§gl 6© 
gi«!e»»F r e f £ttEMflft£S 1 9©#BJS^fci!t 
FoutfcitigtU Fref tfFoutitlilS^iaT?* 
StSKl^^fS^-j-S. 1 8CZ©^;i/* 

tit), D/Ag&«S2 2©fcB*1-5®EV#it5<fc 
D , SESOTSBfeg 1 9 tfft&T 5PSE» F o u t #S 

[0 0 4 9] COidtCLT. F o u t lig<g©$StUf 

L£l>Ci§5<£!K Fref if L<i&5i!P, 
Fref JiDSilSt&Si:, ffiffin 1 7li 
;^;*4»£L&<&»K E8dRFout#HSi:fc 

J388&F r e f fc*f bt*§ <«tlT@^-ra 
■tMKSfcb&H. raSESFoutttSip^KaFref 

[0050] immm<Dwmm&-m<D'p l l n 

ase Locked Loop ) ESS T" $> D> {f)iHA-f77-f tT^* 
'J T©2&iSl§£: bTfiEffltf £ 

•a. c:©<k3t:, #8iB©®ri;< h©D/A£&if£ffl 
OTt, iSiffi%D/AS:g||§§ffiv%fei:ti:|Bigs©«f 

mx-mmum^ms 1 9&«eipi-scfc#nj£T;i&s. 

[0 05 1] 

[%ra©»m] 

i ©s&s>D/A^g©^-fe</p« > nca«a 

##H«at£g^* J 1 L SBJilrt©D/A^gl¥g!&«ffl 

lt^s. > h©7;u^^— ;H±±{i[-fe^ > 

h©D/A3?&g§©:7;K*-!r— -e©-b^^>btc: 

tit J; 0 , D/A^SO^INitgHt^lltfiE^lRHC 
1 LSBWrthfcoT^S. ^©<fc-5tl, iE*^©« 
f>o&#'h£t>©-C, &*it&©3i'jap£fT-5ci:#-eg 
5. iE*i6ltc:«t,oA»)5:v^i3t:t-i^KJ:V^ffl 

D/A£&ggtf£fl5CS£,„ 
[0 0 5 2] <ti|jg® 2 ©$&Jfl> D/Ag&gtfgcflfi? 



$>£©T\ ©HUgg©^ h#T#i>. D/A£&|§© 
«S##fi*S&#IE#lRlK 1 LSBWRffeSfflT-. Sip 
£t^£*fLT, D/Agtfeg&©.4i;bfciBI8P-rttfcf. 
KfflJHffllgBC&S. 

[0 0 5 3] <St:^3©l»£>D/A£&8#$ffi-e 

fea©Ts SE©jffli^«s©tii*-r'5^iea©sijfflsa 
isi£iLSBwm:-fc3©-c% gi£j§»S(K:*ri,-?\ a 
io mnwm&ttmm 

[01] *&IB©&1©*^!§©D/A£&2§©:/ 
Dy£0„ 

[02] *©D/Ag&g©!f$tt0. 

[03] *^©^2©HJfiBSffl«iJ{8l^@©rD>y 



[0 4 ] i&m<om 3 ©SUfiBSfflSiJ^Sffl^D y 

£00 

[05] &ftW(Dm4<z)mmtzm(Dmw$im(D7ay 

20 [06] ft*©D/A£&SS©fttt0. 

[07] •e©D/A^ifeg©^'D^^0. 

[?5^©giW] 

2 ±(£D/Ag&#g! 

3 T{iD/Ag&3M£ 

4 materials 
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Abstract 
Objective 

To provide a segment type digital/analog converter at low cost and with high control 
accuracy, and a highly accurate control device using this converter. 
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Means to solve 

Digital data having plural bits b0-b7 are divided into two or more segments. 
Digital/analog converting means 2, 3 for the segments are used to perform digital/analog 
conversion for the digital data of each of the aforementioned segments. The outputs of 
converting means 2, 3 are synthesized. For converting means 2, 3, the differential nonlinear error 
is within 1 LSB. The full scale of converting means 2 is greater than or equal to a value 
calculated by dividing the full scale of converting means 3 provided for the segment including 
the bit that is one order higher than the most significant bit of the other segment by T (here, n is 
the number of bits of the segment, which is 3). 




VrefL 

Key: 2 Upper D/A converting circuit 
3 Lower D/A converting circuit 

Claims 

1 . A digital/analog converter characterized by the following facts: digital data having 
plural bits are divided into two or more segments; a digital/analog converting means for 
segments is used to perform digital/analog conversion for the digital data of each of the 
aforementioned segments; the outputs of the aforementioned digital/analog converting means for 
the segments are synthesized; in this digital/analog converter, 

for the aforementioned digital/analog converting means for segments, the differential 
nonlinear error is within 1 LSB; the full scale of the aforementioned digital/analog converting 
means for segments is greater than or equal to a value calculated by dividing the full scale of the 
aforementioned digital/analog converting means for segments provided for the segment 
including the bit one order higher than the most significant bit of the other segment by 2 n (here, n 
is the number of bits of the segment). 
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2. A control device characterized by the fact that it uses a comparison means to compare 
the output of the digital/analog converter described in Claim 1 with a reference signal and 
controls the aforementioned digital/analog converter based on the comparison output. 

3. A control device characterized by the following facts: a voltage-control oscillator is 
connected to the digital/analog converter described in Claim 1; the oscillation frequency of the 
aforementioned voltage-control oscillator is compared with a reference frequency using a phase 
comparison means; the aforementioned digital/analog converter is controlled based on the 
comparison output, in this way, the aforementioned voltage-control oscillator is controlled. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention pertains to a segment type digital/analog converter (referred to as a 
D/A converter hereinafter). In particular, the present invention pertains to a D/A converter that 
can effectively maintain its output consistent with a prescribed reference value, and to a control 
device using the aforementioned D/A converter. 

[0002] 
Prior art 

A conventional segment type D/A converter will be explained based on Figures 6 and 7. 
Figure 7 is the block diagram of the conventional D/A converter. Digital data having the 8 bits 
b0-b7 are input from input terminal 1. bO is the least significant bit, and b7 is the most significant 
bit. The digital data having the 8 bits b0-b7 are divided into two segments of the lower bits b0-b4 
and upper bits b5-b7. 

[0003] 

The upper bits b5-b7 are sent to upper D/A converting circuit 2. The lower bits b0-b4 are 
sent to lower D/A converting circuit 3. In this case, D/A converting circuits 2, 3 convert the input 
digital data into analog currents. For example, plural transistors are used as constant current 
sources. The currents corresponding to the input digital data are output from the constant current 
sources, added, and finally output. 

[0004] 

Upper D/A converting circuit 2 is connected to the constant voltage VrefH on the high 
voltage side. Lower D/A converting circuit 3 is connected to upper D/A converting circuit 2. 
Lower D/A converting circuit 3 is connected to the constant voltage VrefL on the low voltage 
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side. A resistor RA is connected in parallel with lower D/A converting circuit 3. Resistor RA will 
be explained later. 

[0005] 

Power is supplied to upper and lower D/A converting circuits 2, 3 by constant voltages 
VrefH, VrefL, and these converting circuits perform D/A conversion for the input digital data. 
Upper D/A converting circuit 2 outputs current IH corresponding to the data represented by 
upper bits b5-b7. Lower D/A converting circuit 3 outputs current IL corresponding to the data 
represented by lower bits b0-b4. Currents IH and IL are synthesized by current synthesizer 4 to 
obtain current I. 

[0006] 

Current I is sent to integrator 20. Integrator 20 converts current I into voltage V. 
Integrator 20 is comprised of operational amplifier 21 and feedback resistor RB, and outputs 
voltage V as the product of current I and resistance RB. D/A converting circuits 2, 3 can be 
constituted with almost the same resistors or elements. Consequently, when segment type D/A 
converters are integrated, integration becomes easy because of the low deviation of the elements 
in the integrated circuit. 

[0007] 

When the current IL output from lower D/A converting circuit 3 and current IH output 
from upper D/A converting circuit 2 are synthesized, the voltage applied to lower D/A 
converting circuit 3 is adjusted in order to match the aforementioned 8-bit digital data of b0-b7. 
Resistance RA is set such that the result of adding 1 LSB to the full scale of current IL is 
consistent with the result of dividing the full scale of current IH by 2-cubed (that is, 8). 

[0008] 

In this case, 1 LSB is the result of deriving a value equivalent to the change of current 
when the digital data changes by 1, under the assumption that the current is output continuously 
from the full scales of currents IH, IL. In lower D/A converting circuit 3, since there are five 
lower bits b0-b4, 1 LSB is the result of dividing the full scale of current IL by the fifth power of 
2 (that is, 32). In upper D/A converting circuit 2, there are three upper bits b5-b7. Taking into 
consideration the fact that there are five lower bits b0-b4, 1 LSB is the result of dividing the full 
scale of current IH by the eighth power of 2 (that is, 256). When the current is converted to 
voltage V by integrator 20, 1 LSB has the same definition. 
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[0009] 

On the other hand, the result of dividing the full scale of current IH output from upper 
D/A converting circuit 2 by 2-cubed (that is, 8) is the result of deriving a value equivalent to the 
change in the output of D/A converter 3 when the least significant bit b5 among the upper bits 
b5-b7 has a change of 1 from the full scale of current IH output from D/A converting circuit 2. 

[0010] 

Figure 6 is the characteristic diagram of the output of the aforementioned D/A converter. 
When the input digital data is 0 (00000000 in binary), neither upper D/A converting circuit 3 nor 
lower D/A converting circuit 2 outputs current, and there is no current I. In other words, the 
output voltage V is 0. When the digital data is increased increments of 1 from 0, lower bits b0-b4 
change as long as the data is 3 1 or less, and current IL is increased by lower D/A converting 
circuit 3. There is no change in the upper bits b5-b7. Current IL becomes current I. If lower D/A 
converting circuit 3 has good linearity, the relationship between digital data and current I 
becomes straight line 51. 

[0011] 

When the digital data is 3 1, the lower bits b0-b4 input into lower D/A converting circuit 3 
all become 1 ( 1 1 1 1 1 in binary), and the upper bits b5-b7 are all 0. When 1 is added to that digital 
data, since the binary number is carried, all the lower bits bO-M input into lower D/A converting 
circuit 3 become 0 (00000 in binary). Among the upper bits b5-b7 input into upper D/A 
converting circuit 2, only the least significant bit b5 becomes 1 (001 in binary). 

[0012] 

At that time, lower bits b0-b4 are inverted and upper bits b5-b7 are added for output 
voltage V. Usually, resistance RA varies, and output voltage V becomes non-continuous as 
shown at 52. Also, as the digital data is increased, all the lower bits b0-b4 will be inverted, and 
discontinuities 53, 54 tend to occur in the same way. The point at which all the lower bits b0-b4 
are inverted is the switching point of the segments. 

[0013] 

Problems to be solved by the invention 

As described above, even if D/A converting circuits 2, 3 for each segment have good 
linearity, since resistance RA usually varies, the output tends to become discontinuous at the 
switching point of each segment. The maximum difference between the ideal output voltage V 
and the actual output is called the differential nonlinear error. Even if the differential nonlinear 
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error in each segment is 1 LSB or less, it will exceed 1 LSB at the switching point of the 
segments. In particular, when output voltage V varies significantly in the positive direction at 
segment-switching point 53 shown in Figure 6, even if the voltage is controlled during the 
change, it is not possible to obtain a suitable output voltage V. 

[0014] 

Consequently, it is difficult to use a segment type D/A converter for a device that requires 
highly accurate control. In order to perform highly accurate control, it is necessary to use a 
highly accurate D/A converter with a differential nonlinear error within 1 LSB. Such a converter 
is expensive, however, and will increase the cost of the control device. 

[0015] 

The purpose of the present invention is to solve the aforementioned problem by providing 
a segment type D/A converter with low cost and high control accuracy as well as a control 
device using such a D/A converter. 

[0016] 

Means for solving the problems 

In order to realize the aforementioned purpose, the first configuration of the present 
invention provides a digital/analog converter characterized by the following facts: digital data 
having plural bits are divided into two or more segments; a digital/analog converting means for 
segments is used to perform digital/analog conversion for the digital data of each of the 
aforementioned segments; the outputs of the aforementioned digital/analog converting means for 
the segments are synthesized; in this digital/analog converter, for the aforementioned 
digital/analog converting means for segments, the differential nonlinear error is within 1 LSB; 
the full scale of the aforementioned digital/analog converting means for segments is greater than 
or equal to a value calculated by dividing the full scale of the aforementioned digital/analog 
converting means for segments set up for the segment including the bit one order higher than the 
most significant bit of the other segment by 2 n (here, n is the number of bits of the segment). 



[0017] 

According to this configuration, digital data having plural bits are divided into two or 
more segments. The digital/analog converting means provided for each segment performs 
digital/analog conversion for each segment. The differential nonlinear error of the digital/analog 
converting means for each segment is within 1 LSB. 
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[0018] 

The full scale of the digital/analog converting means for each segment is greater than or 
equal to a value calculated by dividing the full scale of the digital/analog converting means for 
segments provided for the segment including the bit one order higher than the most significant 
bit of the segment by T (here, n is the number of bits of the segment). In this way, the 
differential nonlinear error of the digital/analog converter is kept within 1 LSB in the positive 
direction. 

[0019] 

A large error may also occur in the negative direction. However, since the error in the 
positive direction is less than 1 LSB, when the converter is used for a control to match a certain 
reference voltage, the voltage output from digital/analog converter can be controlled at an 
accuracy within 1 LSB. Since deviation in the negative direction is not restricted, it is 
unnecessary to perform fine adjustments to match the current output by the digital/analog 
converter for segments. The cost is therefore low. 

[0020] 

In the second configuration of the present invention, the output of the digital/analog 
converter with the aforementioned first configuration is compared with a reference signal by a 
comparison means, and the aforementioned digital/analog converter is controlled based on the 
comparison output. 

[0021] 

According to this configuration, the output of the digital/analog converter is compared 
with a reference signal by a comparison means. The aforementioned digital/analog converter is 
controlled based on the comparison output. As a result of this control, the output of the 
digital/analog converter is maintained at the same value as the reference signal. 

[0022] 

Since the differential nonlinear error of the digital/analog converter is less than 1 LSB in 
the positive direction, the output can be constantly controlled at an accuracy within 1 LSB of the 
set output value. A highly accurate control device can be obtained in this way. 

[0023] 

In the third configuration of the present invention, a voltage-control oscillator is 
connected to the digital/analog converter with the aforementioned first configuration. The 
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oscillation frequency of the aforementioned voltage-control oscillator is compared with a 
reference frequency by a phase-comparison means. The aforementioned digital/analog converter 
is controlled based on the comparison output. The aforementioned voltage-control oscillator is 
controlled in this way. 

[0024] 

According to this configuration, the output of the digital/analog converter is input into the 
voltage-control oscillator. The voltage-control oscillator can control frequency depending on the 
voltage output from the digital/analog converter. The oscillation frequency is increased along 
with the voltage. 

[0025] 

The oscillation frequency and the reference frequency are compared by a phase 
comparison means. If the oscillation frequency is different from the reference frequency, the 
output of the digital/analog converter is changed to make the oscillation frequency of the 
voltage-control oscillator approach the reference frequency. On the other hand, if the oscillation 
frequency is the same as the reference frequency, the oscillation frequency is fixed. In this way, 
the oscillation frequency can be kept the same as the reference frequency. 

[0026] 

Embodiment of the invention 
<First embodiment 

The first embodiment of the present invention will be explained based on Figures 1 and 2. 
Figure 1 is a block diagram illustrating an embodiment of the D/A converter disclosed in the 
present invention. Since it has the same configuration as the conventional example shown in 
Figure 7 except for the resistance of resistor R, the same parts as those of the aforementioned 
conventional D/A converter (Figure 7) are represented by the same symbols, respectively, and 
will not be explained again. Upper D/A converting circuit 2 performs D/A conversion for the 
three upper bits b5-b7, while lower D/A converting circuit 3 converts the five lower bits b0-b4. 
However, it is also possible to change the number of bits subjected to the D/A conversion 
performed by D/A converting circuits 2 and 3. 

[0027] 

The digital data can also be divided into 3 or more segments. Also, the number of bits of 
digital data is not limited to 8. The differential nonlinear error is within 1 LSB for both upper 
D/A converting circuit 2 and lower D/A converting circuit 3. 
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[0028] 

In the conventional example, as described above, resistance RA adds 1 LSB to the full 
scale of the current IL output from lower D/A converting circuit 3. It is set to be consistent with 
the current change when the least significant bit b5 of upper D/A converting circuit 2 is changed 
by 1. On the other hand, in this embodiment, the full scale of lower D/A converting circuit 3 is 
greater than or equal to a value calculated by dividing the full scale of upper D/A converting 
circuit 2 by 2 raised to a power equal to the number of upper bits b5-b7 (that is, 8, as the cube of 
2). 



[0029] 

Figure 2 is the characteristic diagram of the D/A conversion of the D/A converter 
disclosed in ft is embodiment. If the input digital data is 0, neither upper D/A converting circuit 2 
nor lower D/A converting circuit 3 has current output, and there is no current I. In other words, 
the output voltage is 0. When the digital data is increased 1 at a time from 0, lower bits b0-b4 
change as long as the data is less than 31, and current IL corresponding to the digital data is 
output by lower D/A converting circuit 3. There is no change in the upper bits b5-b7, and there is 
no current IH. Current IL becomes current I. If lower D/A converting circuit 3 has good linearity, 
the relationship between digital data and current I becomes straight line 1 1 . 

[0030] 

At segment-switching point 12, the full scale of lower D/A converting circuit 3 becomes 
greater than or equal to a value calculated by dividing the full scale of upper D/A converting 
circuit 2 by 2-cubed (that is, 8). As a result, the output current I becomes smaller or larger. The 
difference is within 1 LSB. Similarly, at segment-switching points 13, 14, the output voltage V 
of the D/A converter rises or drops. However, the output difference will not exceed 1 LSB. 

[0031] 

As described above, the differential nonlinear error in the positive direction of the D/A 
converter of the present invention is within 1 LSB in any part. Since the differential nonlinear 
error in the positive direction is within 1 LSB, the output voltage V can be kept within 1 LSB 
from the reference voltage. 

[0032] 

Also, since it is permissible to have a large error in the negative direction, resistance R 
can be set with a certain tolerance. Therefore, it is unnecessary to finely adjust resistance R, so 
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that an inexpensive D/A converter can be obtained. With regard to integration, integrator 20 can 
be built in or attached to the integrated circuit. 

[0033] 

<Second embodiment 

The second embodiment of the present invention will be explained based on Figure 3. 
Figure 3 is a block diagram illustrating an embodiment of the automatic control device using 
D/A converter 22 disclosed in the present invention. This control device can automatically set 
the voltage output from D/A converter 22 by providing reference voltage Va from reference 
voltage source 5. The differential nonlinear error in any part of D/A converter 22 is within 1 LSB 
in the positive direction. 

[0034] 

The digital data output from D/A data-increasing/decreasing unit 10 are subjected to D/A 
conversion conducted by D/A converter 22, which outputs voltage V. Said voltage V is 
converted into a digital signal by A/D converter 8 and is then input to comparator 9. Reference 
voltage Va is also subjected to A/D conversion conducted by A/D converter 6, and is then input 
to comparator 9. 

[0035] 

Comparator 9 compares voltage V with reference voltage Va to determine whether 
voltage V is higher than, lower than, or the same as reference voltage Va. If it is found by 
comparator 9 that voltage V is lower than reference voltage Va, D/A data-increasing/decreasing 
unit 10 increases the output digital data by 1 . If voltage V is higher than reference voltage Va, 
D/A data-increasing/decreasing unit 10 decreases the digital data by 1. If signal V is the same as 
reference voltage Va, the digital data is not changed, and D/A data-increasing/decreasing unit 10 
keeps the original value. 

[0036] 

For example, the initial data of D/A data-increasing/decreasing unit 10 is 0, and reference 
voltage Va is set to a positive value. In this case, since the output voltage of D/A converter 1 1 is 
0, comparator 9 finds that reference voltage Va is higher. Therefore, D/A data- 
increasing/decreasing unit 10 increases the digital data by 1 . The digital data becomes 1 . D/A 
converter 22 outputs voltage V. If voltage V is still lower than reference voltage Va, comparator 
9 will find that Va is higher than V, and D/A data-increasing/decreasing unit 10 will increase the 
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digital data continuously. The digital data will be increased until it is equal to or exceeds 
reference voltage Va. 

[0037] 

If output voltage V is consistent with reference voltage Va, voltage V is fixed at Va. If 
they are not the same and output voltage V is higher than reference voltage Va, D/A data- 
increasing/decreasing unit 10 vibrates the digital data near data 16 [sic]. However, since the 
differential nonlinear error is within 1 LSB, the change in output voltage V is small. Also, 
control is performed independent of the initial digital data output from D/A data- 
increasing/decreasing unit 10. 

[0038] 

In this way, highly accurate control to reference voltage Va can be realized even without 
using a high-performance D/A converter. The output changes significantly at segment-switching 
points 12-14 (see Figure 2). However, since the error is kept within the range of 1 LSB when 
output voltage V is controlled to match reference voltage Va, this poses no problem. 

[0039] 

It is also possible to properly process and control the data subjected to A/D conversion 
conducted by A/D converters 6, 8. For example, when reference voltage Va subjected to A/D 
conversion conducted by A/D converter 6 is converted to data increased several-fold, it is 
possible to control output voltage V of D/A converter 22 with a low reference voltage Va. Also, 
instead of using voltage Va as the reference for control, a current can be used as long as it can be 
converted into a digital signal. It is also possible to use a digital signal directly. 

[0040] 

<Third embodiment 

The third embodiment of the present invention is shown in Figure 4. The third 
embodiment is also an automatic control device using D/A converter 22. In Figure 4, the same 
parts as those shown in Figure 3 are represented by the same symbols, respectively, and will not 
be explained again. The output voltage V of D/A converter 22 is input to comparator 14. 
Comparator 14 compares the voltage Va of reference voltage source 5 with voltage V. 

[0041] 

If V is higher than Va, the output of comparator 14 becomes high level, and the digital 
data of counter 15 is increased by 1 . As a result, the voltage V output from D/A converter 22 is 
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increased. The digital data is increased until voltage V exceeds reference voltage Va. When 
voltage V exceeds reference voltage Va, the output of comparator 14 becomes low level, and the 
output of the digital data of counter 15 is kept constant. 

[0042] 

As a result, the voltage V output from D/A converter 22 is kept constant, and a constant 
voltage V is applied to load 12. However, since counter 15 is controlled only in the direction of 
incrementing the digital data output, when a reset signal is input, the digital data becomes 0. The 
digital data of counter 15 is first reset to 0 by the reset signal, and then the control is started. In 
this way, the voltage V output from D/A converter 22 can be adjusted to reference voltage Va by 
being increased little by little. 

[0043] 

If D/A converter 22 used in this case is the conventional D/A converter shown in Figure 
7, the output voltage V immediately before the segment- switching point 53 is just a little lower 
than reference voltage Va. When the digital data is then increased by 1, since the output voltage 
V undergoes a large deviation in the positive direction, output voltage V is fixed at a level far 
from reference voltage Va. The control accuracy becomes poor. 

[0044] 

However, when D/A converter 22 of the present invention is used, the deviation in the 
positive direction is within 1 LSB at segment-switching points 12-14, as shown in Figure 2. 
There is a large deviation in the negative direction at segment-switching points 12-14. 
Immediately before these segment-switching points, output voltage V is only a little lower than 
reference voltage Va. Even if the digital data is increased by 1, output voltage V is still lower 
than reference voltage Va. Since the linearity to the next segment-switching point is good, output 
voltage V is fixed at a level close to reference voltage Va. 

[0045] 

The control device of the present invention can control with high accuracy even without 
using an expensive D/A converter. The cost is therefore low. The control device disclosed in this 
embodiment can be used as the automatic voltage-adjusting circuit for band-pass filters or other 
voltage-control filters. Also, when a voltage divider (not shown in the figure) is used to divide 
voltage V before inputting it to comparator 14, the value of reference voltage Va can be reduced, 
and voltage V can be controlled. Also, when reference voltage Va is divided by a voltage divider 
(not shown in the figure), a low voltage V can be controlled by reference voltage Va. 
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[0046] 

<Fourth embodiment 

The fourth embodiment of the present invention will be explained based on Figure 5. In 
Figure 5, the same parts as those shown in Figure 3 are represented by the same symbols, 
respectively, and will not be explained again. Voltage-control oscillator (VCO) 19 can control a 
frequency with a voltage. The oscillation frequency is increased along with the voltage. First, a 
reset signal is input to counter 18. 

[0047] 

As a result, counter 18 outputs the minimum value of the digital data. D/A converter 22 
outputs the lowest voltage V. The minimum value of the digital data is set such that voltage- 
control oscillator 19 oscillates at the lowest frequency Fout. Oscillation frequency Fout is input 
to phase comparator 17. 

[0048] 

Phase comparator 17 compares the reference frequency Fref of reference oscillator 16 
with the oscillation frequency Fout of voltage-control oscillator 19. If Fref is higher than Fout, 1 
pulse is generated. When this impulse is input to counter 18, the digital data is increased by 1. In 
this way, the voltage V output from D/A converter 22 is increased, and the oscillation frequency 
Fout of voltage-control oscillator 19 is increased. 

[0049] 

As described above, Fout is gradually increased from the lowest oscillation frequency. 
When it becomes equal to Fref or higher than Fref, phase comparator 17 stops generation of the 
pulse, and frequency Fout is fixed. In the same way as described in the aforementioned third 
embodiment, the oscillation frequency will not be fixed at a level far from reference frequency 
Fref. Frequency Fout is fixed at a level close to reference frequency Fref. 

[0050] 

The control device disclosed in this embodiment is a type of PLL (phase locked loop). It 
can be used as the oscillator of the audio carrier for a Hi-Fi VCR. Consequently, using the 
inexpensive D/A converter disclosed in the present invention enables controlling voltage-control 
oscillator 19 with the same accuracy as that realized when using an expensive D/A converter. 
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[0051] 

Effects of the invention 
<Effect of Claim 1> 

A D/A converting means with differential nonlinear error within 1 LSB is used for each 
segment of the D/A converter. The full scale of each segment is greater than or equal to a value 
calculated by dividing the full scale of the D/A converter of the upper segment by 2 raised to a 
power equal to the number of bits of that segment. In this way, the differential nonlinear error of 
the D/A converter is kept within 1 LSB in the positive direction. Since the deviation in the 
positive direction is small, highly accurate control can be performed. Also, since it is only 
necessary to eliminate deviation in the positive direction, the D/A converter becomes 
inexpensive. 

[0052] 

<Effect of Claim 2> 

Since the D/A converter is inexpensive, the cost of the control device can be reduced. 
Since the differential nonlinear error of the D/A converter is within 1 LSB in the positive 
direction, a highly accurate control device can be obtained if the output of the D/A converter is 
controlled with respect to a reference signal. 

[0053] 

<Effect of Claim 3> 

Since the D/A converter is inexpensive, the cost of a frequency control device for a 
voltage-control oscillator can be reduced. Since the differential nonlinear error of the D/A 
converter is within 1 LSB in the positive direction, the frequency output from the voltage-control 
oscillator can be controlled with high accuracy with respect to a reference frequency. 

Brief description of the figures 

Figure 1 is a block diagram of the D/A converter disclosed in the first embodiment of the 
present invention. 

Figure 2 is a characteristic diagram for said D/A converter. 

Figure 3 is a block diagram of the control device disclosed in the second embodiment of 
the present invention. 

Figure 4 is a block diagram of the control device disclosed in the third embodiment of the 
present invention. 

Figure 5 is a block diagram of the control device disclosed in the fourth embodiment of 
the present invention. 



Figure 6 is a characteristic diagram for a conventional D/A converter. 
Figure 7 is a block diagram of that conventional D/A converter. 

Explanation of symbols 

2 Upper D/A converting circuit 

3 Lower D/ A converting circuit 

4 Current synthesizer 

5 Reference voltage source 
9 Digital signal comparator 

1 6 Reference oscil lator 

17 Phase controller 
15 Counter 

1 9 Voltage-control oscil lator 

20 Integrator 

21 Operational amplifier 

22 D/A converter 
R Resistor 
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